Introduction {#s1}
============

Dental caries remains a major public health burden for babies, pre-school, primary school going children and adolescents in both the developed and less developed countries ([@B1], [@B2]), with the greatest burden being borne by children from the disadvantaged communities ([@B2]). Early Childhood caries (ECC) is the term used to describe dental caries in children aged 71 months and below ([@B3]). The disease has a multifactorial etiology involving interaction of factors that include, a susceptible host tooth, micro-organisms with cariogenic potential S. mutans, S. sobrinus, and Lactobacili), a substrate (dental plaque and/or biofilm) that is suitable for the survival of the pathogenic flora and time for changes to take place ([@B3]--[@B8]). Diet is a critical factor in the etiology of dental caries and children who consume cariogenic carbohydrates frequently for longer periods have increased risk of developing ECC ([@B2], [@B3], [@B9]). Additionally, environmental factors like low socio-economic status, lower level of education and non-exposure to fluoride from the water supply and the other fluoride sources play a part in the process ([@B3], [@B4], [@B6], [@B8], [@B9]).

ECC affects the children\'s teeth with a distinctive pattern, with the smooth surfaces of the primary upper incisors being affected first, followed by the occlusal surfaces of the primary molars in succession as they erupt. The lower primary incisors are usually spared because of the protection provided by the tongue and the copious saliva from adjacent submandibular and sublingual glands ([@B2], [@B5], [@B7], [@B8]). Initially, the disease presents as a white chalk lesion of demineralised enamel, and if not arrested at this stage it will progress to enamel surface cavitation ([@B5], [@B8]). The rough cavities formed on the enamel surfaces become retentive areas for further accumulation of the dental plaque that potentiates the possible replication of the process leading to eventual total destruction of the tooth ([@B8]).

ECC causes a lot of discomfort besides pain and loss of the affected tooth. ECC can also affect feeding, speech development, and psycho-social well-being of the child ([@B6]), not to mention expensive treatment in the form of restorations, pulpotomies/pulpectomies, extractions, and space management than is often needed. In cases where the child is uncooperative and basic behavior modification techniques have failed, conscious sedation or general anesthesia may have to be used, and these are expensive management modes ([@B2]).

The reported prevalence of ECC from the few studies conducted in Uganda has ranged from 17.6 to 65%. However, these studies have been conducted mostly in the urban and peri-urban communities ([@B10]--[@B12]). Although these reported prevalence rates appear to be high, they are still few studies and Uganda still has limited information on ECC and its burden on children particularly from the rural communities within Uganda. Furthermore, the Ugandan health sector is still faced with challenges like shortage of human resource in the public hospitals, irregular/ineffective supervisions of health services offered at these public hospitals, limited financial resource within the national budget and a high attrition rate of the oral health care professionals in the public health sector ([@B13]). All these factors are likely to affect the provision of the requisite oral health care to most of the children with ECC residing in the rural communities.

The purpose of the current study was, therefore, to determine the prevalence and treatment needs for ECC in a rural child population in Uganda.

Methodology {#s2}
===========

Study Design and Study Population
---------------------------------

This was a descriptive cross-sectional oral health survey conducted in 2016 and involved 3--5-year-old nursery school children in government and private primary schools in Nyakagyeme sub-county, Rukungiri District in South-western Uganda.

Sampling
--------

The study population was drawn from the 25 primary schools in Nyakagyeme Sub-county each with pre-primary/nursery section. Using the Uganda national population census results of 2014, the sub-county was estimated to have \~ \<6,000 children aged 5 years and below. Stratified random sampling procedure was used to select the schools with the aim of selecting at least one school in each parish. The sub-county has 8 parishes and thus 8 strata were formed and each parish was given a code (P1--P8). The list of the schools in each parish also was generated and from the lists formed, each school in the parish was assigned a unique letter code. The schools in the parishes that had at least 50 pupils or more (18 schools), whose ages were 3--5 years age, were eligible for selection. Ballots with the number assigned to each of the selected schools in each parish were made, folded and mixed in a box. If a parish had no school with at least 50 pupils in nursery, the school with the highest number of pupils was then selected for inclusion in the study. Thereafter, the principal investigator (PI) then randomly selected one school from each parish by picking a ballot from the box. A total of 8 schools were thus selected from the sub-county and these schools has a total number of 619 children eligible for participation in the study. The participating schools\' register was then used as the sampling frame to select the study population, provided they met the inclusion criteria, which included being in good general health and whose parents provided written informed consent for their participation in the study. The children were then examined for dental caries and the dental treatment needed as prescribed in the study.

The study population had been calculated with the assumption that, the population of children below 6 years in the sub-county was below 10,000 and the prevalence of caries among them to average 50%, a 95% confidence level being considered and 5% degree of accuracy. This gave the number of the participants as 384. However, a total of 432 children in the sub-county aged 3 to 5 years (230 males and 202 females; mean age 4.1, *SD* = 0.8) met the inclusion criteria and were examined during the survey.

Data Collection
---------------

Prior to collection of data, Ethical clearance was obtained from Kenyatta National Hospital-University of Nairobi Ethics and Research Committee (Ref: P460/06/2016) and the School of Health Sciences Institution Review Board and Ethics Committee, Makerere University, Kampala, Uganda (SHSREC REF: 2016-036). Permission was also obtained from the Rukungiri District Education Officer (DEO) and individual participating schools, for children to participate in the study. Before the commencement of the study, the recording clerk was trained and pretested in the data collection exercise. The principle investigator (PI) was also calibrated by one of the supervisors under field conditions on detection of dental caries and dental treatment needs using 3--5-year-old children and who were not part of the study population. The process was repeated again in the field. The mean Cohen kappa score for the inter-examiner consistency were 0.90 and 0.95 (*N* = 15) for dental caries and dental treatment needs, respectively. The PI also regularly carried out intra-examiner consistency during the collection of data stage, and the mean Cohen Kappa scores were 1.00 and 0.98 (*N* = 43) for dental caries and dental treatment needs, respectively.

During the examination phase, the PI used visual and tactile methods to examine participants for dental caries. A sterile mouth mirror and WHO dental probe were used to carry out the procedure under natural light. An assessment Form (modified World Health Organization (WHO) Oral Health Assessment Form for children, 2013) ([@B14]), was used to record the findings of the clinical examination. The children\'s age and gender were also recorded. In carrying out the examination, individual teeth were first isolated, wiped clean and dried with sterile gauze before the detection for dental caries was undertaken. The data obtained was also used to calculate the "**dmft**" in order to get a record of the dental caries experience of the participants ([@B14]). Incipient lesions were diagnosed when a tooth had a whitish chalky area/spot on the cervical areas and occlusal surfaces with no signs of structural breakdown. A tooth was recorded as having caries whenever enamel and/or dentin breakdown was observed or detected by the WHO probe. A tooth was recorded to be missing due to caries if a history of early extraction due to caries could be confirmed by the teacher, parent and/or guardian on further inquiry or explained by the decay pattern in the contra-lateral quadrant(s) in the child. Radiographs were not used to detect caries.

The normative dental treatment needs for each participant were also assessed and recorded using the intervention urgency criteria (modified) as recommended by the WHO ([@B14]). This was made through an assessment of what treatment was needed for each child using a modified Intervention Urgency criterion from that described by the WHO. For this study, the study participants were assessed on variables that they could not ascribe a treatment need to, given their age and lack of knowledge regarding severity of ECC. Therefore, only a normative needs assessment was possible as such data would be readily available and easy to collate ([@B15]). The assistant also recorded the treatment needs for each child depending on the findings made by the PI. The PI would then cross-check with the recorded findings at the end of each session before the children were dismissed to make sure they had been coded correctly.

Data Analysis
-------------

The Data gathered in the study were analyzed using SPSS version 23.0 to determine the descriptive and inferential statistical characteristics. Mann Whitney and Kruskal-Wallis tests were used to compare and relate the variables, with the confidence interval was set at 95%.

Results {#s3}
=======

Socio-Demographic Characteristics
---------------------------------

A total of 432 children composed of, 118 (27%), 145 (33.6%), and 169 (39.1%) aged 3, 4, and 5 years, respectively, participated in the study, with 230 (53.2%) being male and 202 (46.8%) female participants. The participants had a mean age of 4.1 (*SD* = 0.8) years and a mode of 5 years. The mean age of the male participants (4.10, *SD* = 0.78) was slightly higher than that of the female participants (4.00, *SD* = 0.82) but this difference was not statistically significant \[*t*~(430)~ = 0.0810, *p* = 0.418\].

Prevalence of ECC/Dental Caries Experience
------------------------------------------

Out of the 432 participants, 209 of them had frank caries, 93 had teeth with incipient lesions and 13 had missing teeth due to dental caries and only 3 participants had at least one filled tooth. Only 35 (8.1%) participants were found to have missing teeth that were not due to caries, but rather as a result of a traditional practice called "*Ebiino*," a form of Infant Oral Mutilation (IOM) involving the primary canines in both arches. The presence of decay was found to vary in decreasing order as follows; primary second molars in both arches and primary first upper incisors (85, 75, 51, 61, 55, 65) as the most affected teeth (0.8--1.1%), and the lower incisors being the least affected by decay.

The overall prevalence of ECC in the children who participated in this study was 48.6%, with the male participants having higher prevalence of dental caries (26.1%) against the female participants\' figure of 22.5%. In accordance to the age of the participants, the prevalence ranged from 11.6% (50), 18.5% (80), and 18.5% (80) for the 3-, 4-, and 5-year olds, respectively.

The mean "**dmft**" for the participants was 2.04 (*SD* = 3.01), with the mean decayed component (dt) of 1.97 (*SD* = 2.89), and the mean "**dmft**" of 2.19 (*SD* = 3.00) and 1.87 (*SD* = 3.02) for male and female participants, respectively. The difference between these means was not statistically significant (Mann--Whitney test *z* = 1.331, *p* = 0.183). The mean "**dmft**" for the 3-, 4-, and 5-year old children was, 1.79 (*SD* = 2.87), 2.37 (*SD* = 3.19), and 1.91 (*SD* = 2.93), respectively, but the difference in the mean "**dmft**" among the age groups was also not statistically significant (chi-squared = 3.250, *p* = 0.1969). "Decay" contributed the most to the dental caries experience (88.6%) and "filled" was the least (0.09%) depicting a very high unmet-treatment need among the participants ([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}).

###### 

The distribution of the dental caries experience among the study participants according to their gender and age.

                                                **dt**                  **mt**                  **ft**                  **dmft**
  --------------------------------------------- ----------------------- ----------------------- ----------------------- -----------------------
                                                **Mean** **±** **SD**   **Mean** **±** **SD**   **Mean** **±** **SD**   **Mean** **±** **SD**
  **Overall**                                   1.97 ± 2.89             0.06 ± 0.38             0.002 ± 0.04            2.04 ± 3.01
  **Gender**                                                                                                            
  Male                                          2.10 ± 2.87             0.073 ± 0.40            0.004 ± 0.065           2.19 ± 3.00
  Female                                        1.81 ± 2.92             0.04 ± 0.35             0 ± 0                   1.87 ± 3.02
  Mann-Whitney test *z* = 1.331, *p* = 0.183                                                                            
  **Age**                                                                                                               
  3 years                                       1.79 ± 2.87             0 ± 0                   0 ± 0                   1.79 ± 2.87
  4 years                                       2.26 ± 3.05             0.09 ± 0.49             0.006 ± 0.08            2.37 ± 3.19
  5 years                                       1.82 ± 2.76             0.08 ± 0.40             0 ± 0                   1.91 ± 2.93
  chi-squared = 3.250, *p* = 0.1969                                                                                     
  chi-squared with ties = 3.771, *p* = 0.1518                                                                           

###### 

Distribution of the "**dmft**" components among the study participants.

  **Characteristics**   ***n***   **dt**         **mt**         **ft**
  --------------------- --------- -------------- -------------- -----------
  dmft                  1,006     881 (87.57%)   124 (12.33%)   1 (0.09%)
  Overall               8,640     881 (10.20%)   124 (1.44%)    1 (0.01%)

*dt, decayed teeth; mt, missing teeth; ft, filled teeth. n = 8,640 (total number of teeth examined)*.

Dental Treatment Needs
----------------------

The PI evaluated the dental treatment needs for the participants through the assessment of the status of individual teeth and the treatment needs. Decayed teeth contributed to the largest need for treatment, with 181 of the participants having at least a tooth that needed a one surface filling, 106 having at least one tooth in need of a 2 or more surface filling and only 2 children needed a stainless-steel crown as the primary treatment because they had some primary molars that were hypoplastic, in addition to the 54 participants who had teeth that would require pulp therapy prior to placement of stainless-steel crown ([Figure 1](#F1){ref-type="fig"}). A total of 93 children had incipient lesions that would benefit from fluoride varnish application. However, given the high prevalence of decay seen, all children would benefit from this form of treatment. Space management was required in 40 children as a result of missing teeth majorly contributed by teeth missing due to "*Ebiino*."

![The dental treatment needs among the study participants.](fpubh-07-00259-g0001){#F1}

Discussion {#s4}
==========

Prevalence of ECC
-----------------

The current study on the prevalence and treatment needs of ECC was the first of its kind to be undertaken in Nyakagyeme sub-county, Rukungiri District and the greater south western part of Uganda. Previous studies in Uganda on ECC ([@B11], [@B12]) were conducted in the urban and peri-urban areas of Uganda, and focused mainly on determining the prevalence of ECC and the dental caries experience among children aged 3-, 4-, and 5-years old children. Only one study ([@B16]) reported on the dental treatment needs for children aged 5--7 years from a rural sub-county in central Uganda.

The prevalence of ECC of 48.6% in this study was lower than that reported by Kiwanuka et al. ([@B11]) for central Kampala and Nakawa division in Uganda of 56 and 64%, respectively in the same age group. Comparatively, the prevalence rate of ECC reported in a Sudanese study by Awooda et al. ([@B17]) in 2013 was also lower at 17.0%, and was thought to have been probably due to the criteria used to define and diagnose the ECC in that study. However, the current prevalence rate of ECC was higher than that reported by Birungi et al. ([@B10]) of 38--41% among 5-year-old children in Mbale District, Uganda. In the current study, the male participants had a higher prevalence than their female counterparts, with the dental caries experience increasing with the increase in age of the study participants. This difference in the dental caries experience between the male and female, and among the 3-, 4- and 5-year age groups, however, was not statistically significant (*p* = 0.183) and (*p* = 0.1969), respectively. The prevalence rates observed in this study were almost similar to those reported by studies conducted in Kenya (59 and 46.3%) ([@B18], [@B19]), Tanzania (42.5 and 59.1%) ([@B20]), India (45%) ([@B21]), Hong Kong (49%) ([@B22]), and Beijing (20--65%) ([@B23]). A look at the outcome of similar studies on the prevalence of ECC in East Africa in the recent past and how they compare to the current study is illustrated in [Table 3](#T3){ref-type="table"}.

###### 

Comparison of the dental caries experience in the present study to similar studies done previously within the East African Region.

  **Region**                                          **Sample**   **Dental caries**   **References**              
  --------------------------------------------------- ------------ ------------------- ---------------- ---------- ---------------
  Nyakagyeme sub-county, Rukungiri District, Uganda   *n* = 432                        48.6             2.04       Present study
                                                      Gender       Female              22.5             2.19       
                                                                   Male                26.1             1.87       
                                                      Age          3                   11.6             1.79       
                                                                   4                   18.5             2.37       
                                                                   5                   18.5             1.91       
  Kampala Central and Nakawa Division, Uganda         *n* = 586                        56 and 64        --         ([@B11])
                                                      Age          3                   45               1.7        
                                                                   4                   59               2.4        
                                                                   5                   65               3.1        
  Mbale District, Uganda                              *n* = 417                                                    ([@B10])
                                                      Age          5                   38 -- 41         1.5--1.7   
  Kiambaa Division, Kiambu County, Kenya              *n* = 336                        59.9             2.46       ([@B10])
                                                      Gender       Female              54.9             2.29       
                                                                   Male                64.5             2.63       
                                                      Age          3                   47               1.35       
                                                                   4                   55               2.31       
                                                                   5                   63               2.61       
  Moshi Municipality, Tanzania                        *n* = 372                        30.1             0.96       ([@B24])
                                                      Age          3                   --               0.43       
                                                                   4                   --               1.01       
                                                                   5                   --               1.23       

The probable causative and/or risk factors of ECC in the children who participated in the current study need to be explored in order to understand better the unique oral health challenges faced by this population. Furthermore, caution needs to be exercised when interpreting the results of this study and making comparisons with results from previous studies within Uganda and other regions. This is because, at times, various age ranges for children aged below 6 years may be considered like how the Kenya National Oral health Survey and Birungi et al. studied only 5-year olds ([@B10], [@B19]). The diagnostic criterion for ECC can also vary among researchers, for example Awooda et al. ([@B17]), in their study only considered a child to have ECC when their maxillary primary incisors had dental caries and this contributed to the lower prevalence rate of ECC reported in that study. This in a way makes it arduous to comprehensively make comparisons of the prevalence rates of ECC within the different regions of the world with the changing times. In this study, the most affected teeth were the primary molars in both the mandibular and maxillary arches as well as the maxillary incisors, closely followed by the canines with the lower incisors being the least affected by ECC. This pattern of ECC has been observed in many other studies ([@B2], [@B3], [@B5], [@B8], [@B9]) and is thought to be pattern followed in children affected with ECC.

The decay component contributed the most to the "**dmft**" index while filled had the least contribution. Studies by Njoroge et al. ([@B18]) and Rwakatema and Nganga ([@B24]) also reported a very high percentage contributed by the decay component to the caries experience. Factors that may be contributory to this finding include; limited oral health service provision, shortage of dental health professionals, lack of awareness, and insufficient funding for oral health related treatment within the region and country at large.

Dental Treatment Needs
----------------------

The present survey also documented the normative dental treatment needs during each child\'s dental assessment. It was noted that, a treatment needs assessment that evaluates all the four categories of needs as described by Bradshaw ([@B15], [@B25]) could provide a comprehensive evaluation based on what a researcher seeks to investigate. Given that the prevalence of ECC was high and the decay component contributed to most of the dental caries experience (mean **dt** = 1.97), it was indicative that the participants had an unmet dental treatment need. This was reflected in the high number (66.4%) of children who needed at least one surface or 2-surface filling as a form of treatment. At least 12.5% of the children needed pulp therapy; probably this figure could have increased if the assessment involved radiographic examination which would have influenced the decision made regarding the proposed treatment of certain lesions.

The dental treatment needs reported in this study were relatively similar to the dental treatment needs reported for pre-school children from Narmada district, in Gujurat, India that were reported in 2015 by Dixit et al. ([@B26]). A previous Ugandan study on dental treatment needs among 5--7-year-old children had noted that 52.7% of the children needed fillings or a dental extraction. Among those that needed fillings, 36.4% needed one or more surface fillings ([@B16]).

The reasons for the high number of untreated dental decay in the current study could be related to, lack of knowledge regarding oral health, shortage of oral health professionals and related services at the respective health centers and the district hospital as earlier noted. Dental treatment is reported to be very expensive ([@B2], [@B27]) and given that the people in Nyakagyeme sub-county are rural peasant farmers ([@B28]) and oral health care in the Ugandan health system faces lots of challenges ([@B13]), it is highly unlikely that this population would afford the cost of treatment from private facilities. Thus, for such a population, preventive measures could play a key role in ensuring that the suffering these children experience when affected by dental caries and other oral health related problems is minimized, but again the shortage and/or lack of human resource would pose a significant challenge to successfully implement these measures.

One of the local oral health issue noted in the study population was that of "*Ebiino*," which is a traumatic and heinous traditional practice that should not be done to any child in the world. It is possible that through the formulation and effective implementation of appropriate national oral health policies and programmes on dental health education and prevention, control of most these common oral condition in these children can be achieved country-wide. These include, provision of adequate and skilled oral health professionals to provide advice and oral health care, adherence to proper oral hygiene instructions, appropriate and effective tooth brushing using fluoridated toothpaste and brushing as soon as the primary teeth erupt ([@B6], [@B29]).

Conclusion {#s5}
==========

The overall prevalence of ECC in the study population of 48.6% is high with the "decay" component (**dt**) contributing the most (88.6%) to the dental caries experience. This has represented a high level of unmet dental treatment need in the study population besides the practice of "*Ebiino*" that could result in possible future orthodontic treatment needs.

There is therefore, a need for intervention programmes like oral health education and outreach programmes to support this community in dealing with dental caries and the traditional practice of "*Ebiino*."
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